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zic genes act directly downstream of FGF signalling and BMP
inhibition to promote a pre-neural state in Xenopus
Leslie Marchal, Guillaume Luxardi, Laurent Kodjabachian
IBDML, Marseille, France
Neural induction is the process that initiates nervous system
development in vertebrates. Two distinct models have been put
forward to describe this phenomenon in molecular terms. The
default model states that ectoderm cells are fated to become neural
in absence of instruction, and do so when BMP signals are
abolished. A more recent view implicates a conserved role for
FGF signalling that collaborates with BMP inhibition to allow
neural fate speciﬁcation. Using the Xenopus embryo, we provide
novel and deﬁnitive evidence in favor of the second combinatorial
model. We show that a dominant-negative R-Smad, Smad5-
somitabun, unlike the other BMP inhibitors used previously, can
trigger conversion of epidermis into neural tissue in vivo. It does
so, however, only if FGF activity is also present, suggesting that the
two pathways control different effector genes required for neural
speciﬁcation. In support of our combinatorial view, we report the
isolation of the ﬁrst two direct neural targets of FGF signalling, zic3
and foxD5a, and of a direct neural target of BMP inhibition, zic1.
We showed that zic1 and zic3 are required together for deﬁnitive
neural fate acquisition, both in ectopic and endogenous situations.
We propose that the combination of FGF signalling and BMP
inhibition regulates a pre-neural state marked by early zic gene
expression, that is a necessary ﬁrst step for the emergence of
stable neural progenitors.
doi:10.1016/j.ydbio.2008.05.395
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An aquaporin gene as a direct target of the Zic1 transcription
factor
E.J. Cornish, Sabah M. Hassan, Christa Merzdorf
Department of Cell Biology and Neuroscience, Montana State University,
Bozeman, MT, USA
The Zic1 transcription factor plays multiple roles during early
development, for example in patterning the early neural plate,
development of the neural crest, somite development, and formation
of the cerebellum. To increase our understanding of the molecular
mechanisms that underlie the activities of Zic1 in development, we
have conducted a DNA microarray screen in Xenopus laevis to identify
direct downstream target genes of Zic1. One of these direct targets is
the gene for an aquaporin that is most closely related to aquaporin 3.
However, unlike aquaporin 3 it is expressed maternally and through-
out embryonic development beyond stage 24. In adult tissues, it is
uniquely expressed in the colon (both aquaporins are expressed in
kidney and skin). In neurula stages, it is expressed throughout the
epidermal ectoderm and very speciﬁcally in the anterior neural folds,
extending more posteriorly as the neural tube begins to close.
Aquaporins are transmembrane proteins that form water channels
in the plasma membrane and have been implicated in facilitating cell
movement and cell shape changes. We are currently investigating
whether this aquaporinmay play a role in neural tube closure and if so
whether it is linked to the neural tube defects caused by reduced
activity of zic genes.
doi:10.1016/j.ydbio.2008.05.396
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New roles for voltage-gated calcium channel β subunits in
zebraﬁsh development
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Voltage-gated calcium channel β subunits are members of the
MAGUK (membrane associated guanylate kinase) family of proteins.
In their canonical roles, the β subunits chaperone the pore-forming
α subunit to the plasma membrane and modulate the kinetics of the
channel. However, MAGUK proteins are also known to facilitate
scaffolds to organize proteins at speciﬁc sites within the cell. We
cloned two zebraﬁsh β4 subunits (β4.1 and β4.2) and found
expression during gastrulation as well as in the developing heart
and brain. Targeted knockdown of these genes via morpholino leads
to three classes of phenotypes. Class I embryos fail to initiate
epiboly (the ﬁrst morphogenetic movement of gastrulation) and lyse
within 4 h of fertilization. Class II embryos show convergence and
extension defects (the later movements of gastrulation). Class III
embryos show cardiac defects including pericardial edema, weak
contractility, and loss of circulation. To determine if these early
phenotypes require calcium channel function, we used site-directed
mutagenesis to alter three residues in the β4 subunit thus rendering
it unable to bind the α subunit and regulate the channel.
Remarkably, co-injection of this construct with morpholinos rescues
the class I phenotypes as well or better than the full-length
wildtype constructs. These data support a calcium channel inde-
pendent role for the β subunits in early morphogenetic movements
of zebraﬁsh development. Our studies and others suggest that the
biological roles for the β subunit are more diverse than previously
appreciated.
doi:10.1016/j.ydbio.2008.05.397
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Fluid dynamics in zebraﬁsh Kupffer3s vesicle
Noriko Okabe, Rebecca D. Burdine
Department of Molecular Biology, Princeton University, Princeton, NJ, USA
Cilia-driven ﬂuid ﬂow is thought to play an important role in
breaking symmetry of left–right body axis development in
mammals. Zebraﬁsh Kupffer's vesicle is a closed environment,
projecting cilia from all surrounding cells, which is different from
the architecture of the mouse node. Our SEM analysis provides
detailed structure of Kupffer's vesicle with monocilia projecting for
each cell lining the vesicle, all of which rotate clockwise (when
viewed apically). Bead movements show that ﬂuid moves in one
direction at the dorsal roof of Kupffer's vesicle, and the opposite
direction at the ventral ﬂoor. However, we found that the net ﬂow
reﬂects ﬂow at the dorsal roof. Histological analysis shows that the
anterior–dorsal region of the vesicle contains more cells which are
tilted in orientation. Anterior–dorsal cell orientation, coupled with
the posterior tilt of the cilia in this region causes the plane of the
net ﬂuid ﬂow to be tilted off the D-V axis within the vesicle,
suggesting that the anterior–dorsal cells receive a local leftward
ﬂow, comparable with the mouse node.
doi:10.1016/j.ydbio.2008.05.398
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